provide continuity and is mostly contained in Section II of this report.
TESTING PROGRAM
Twenty-seven cubical test specimens were produced by Terra Tek, Inc.
Five of the cubes were tested uniaxially to determine the test-totest variation in strength and strain at the peak stress values. In the above tests, the same testing procedures were used as reported in Reference 1. Three additional uniaxial tests were conducted but without the use of friction reducing pads. One cube was later tested uniaxially in a direction perpendicular to the ca&ting direction.
Twelve cubes were tested biaxially to determine test-to-test variation in strength and strains at the peak stress values. Biaxial tests were conducted using the proportional loadings listed below:
Preceding page blank An unconfined compressive stress strain curve on a 2.7-inch diameter by 6.0-inch long solid cylinder and the unconfined compressive strength of a 3-inch cube (without end lubrication) are included for comparison with tests performed by New Mexico State University.
MIX AND CASTING
The concrete mix for the cubes was a water/cement/aggregate ratio of 0.6/1/6.3 using 3/8 inch maximum aggregate size and Portland Type I cement, with the mix and casting procedure as presented in detail in Reference 2. The mix was poured into a 24 inch square container and vibrated for approximately 1 minute. After casting the concrete was stored in a constant temperature (72 0 F) constant humidity chamber (80 percent relative humidity) with a fine water spray over the container.
The metal container was cut and removed from the large block, of concrete after 4 days.
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SPECIMEN FABRICATION
After removal of the container, the block was cut with a wire saw into seven slabs, each about 3-1/2 Inches thick, and then six of the slabs were returned to the humidity chamber. The seventh slab was placed upright and four 2.7-inch diameter by 6.0-inch length cores were taken to be tested for 28 days unconfined compressive strength.
The slabs were diamond-saw cut into cubes (about 3-1/8 inches on a side) at 85 days, with the cube marked as to casting direction. The cubes were cut so as not to be closer than about 3 inches to the surface or edge of the larger block, thereby eliminating any casting edge effects. The cubes were then lapped to final dimensions, measured and weighed (to determine density).
TOLERANCES
The tolerances of the cubes were maintained at 3.000 + 0.001 inches parallel and perpendicular to + 0.0005 inches. The sides (faces not loaded) of the cubes for uniaxial stress and biaxial stress tests were not lapped to the + 0.0005 inches tolerances, but were maintained at 3.000 + 0.002 inches.
VERIFICATION TESTS
Unconfined compression tests were conducted on 2.7-inch diameter by 6.0-inch long solid cylinders taken from two of the slabs, after aging 28 days and 133 days. The stress-strain response for the 133 day aged unconfined compression tests are saown in Figure 1 .
Also investigated was the effect of the length to diameter ratio.
The maximum unconfined compressive strength versus the specimen length The extreme variation in the strength (difference between the largest and smallest strength) was 430 psi, which is 6.6 percent of the average strength. The largest variation from the average strength was 3.6 percent. The average variation in the uniaxial strengths obtained from cubes cast at New Mexico State University and whose dimensional tolerances were considerably greater than those prepared by Terra Tek, was 10.5 percent with an extreme variation of 29.6 percent.
The value of the strains at the peak stresses can also be considered from Figure 3 . These strains will be referred to as failure The five cube tests whose stress-strain curves are shown in Figure 3 were conducted using friction reducing pads as described In Figure 1 , two uniaxial compressive stress-strain curves are
shown along with the stress-lateral strain curves. One stress-strain curve is reproduced from the Terra Tek report "Concrete Cube Test
Specimens" and the second one was obtained from a uniaxial test on a Terra Tek produced cube, but loaded perpendicular to the casting Concrete strength values obtained from cylinder and cube tests are presented in Table I . The cylinder strengths and the corresponding cube strengths were obtained from specimens cast from the same concrete batch.
The ratios of cube strengths to cylinder strengths are also indicated in The cause of the difference is not known. 
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Four biaxial tests with loading ratios of 1:1 were conducted to determine reproducibillty of testing from test to test. There is a slight difference in the maximum loads on the two loaded axes. For each axis, the following maximum stresses and strains at peak stresses were obtained. Note that the strains on the two loaded axes were generally not the same. This is due to the anlsotropic effect resulting from casting of the cubes. The concrete material has a different stiffness in the two directions. One of the loads was applied in the direction of casting and the other perpendicular to the direction of casting. One of the tests yielded lower results than the remaining tests.
Maximum Stress Peak Strain (y in/in)
For the biaxial case reproducibillty was somewhat better than in the original testing program. The largest strength variation was 13 percent and the strain variation was 16 percent. Considering only the three best tests the strength variation was less than 3 percent. For the dimensionally uncontrolled test specimens used in the initial test program where a loading ratio of 1:1 was used, the average strength variation observed was 17 percent and the average strain variation was 37 percent. Thus the improvement in strain variation was much greater than the improvement in strength variation.
The results of a biaxial test based on maximum strength observed during the test are presented in Table II Normal aggregate concrete exhibits a very rounded convex envelope. Twenty-seven concrete cubes were cast and brought to a close dimensional tolerance by Terra Tek, Inc. Great effort was taken to insure that opposite faces of these cubes were plane and parallel.
Five unlaxial tests were conducted to determine the test-to-test variation in the maximum strengths and the strains at maximum stresses.
The maximum variation from test to test was compared to that obtained in the primary testing program. For the uniaxial tests, it appeared that the use of dimensionally controlled test cubes decreased the variation from test-to-test.
Two uniaxial tests were conducted without the use of friction reducing pads. The stress-strain curves from these tests displayed a greater strength and a more ductile behavior as compared to tests utilizing friction reducing pads. It was apparent that friction adds a lateral restraint and that actually a triaxial state of stress exists in the presence of friction.
The initial stiffness as obtained from the uniaxial cube tests was used in the computer program for the model. The predicted maximum stress was slightly lower than the experimental; however, the predicted and experimental strains compared favorably.
Biaxial tests were conducted using different loading proportions.
Four biaxial tests were conducted to determine test-to-test variation.
A comparison of these tests was made with those conducted in the primary The material properties (from a uniaxial test) appeared to mostly account for differences in biaxial behavior between two different concretes; however, they do not completely explain the difference in strengths and strains in the triaxial case. Apparently the concrete material properties (aggregate, sand, etc.) affect the triaxial case. To adjust the model to account for these additional properties will require modification of the control equations of the model. The nature of the concrete properties must be known before the control equations can be modified.
